Abstract Previous studies reported that the activity of trigeminal motoneurons innervating masseter muscles is modulated by vestibular inputs. We performed the present study to provide an anatomical substrate for these physiological observations. The transynaptic retrograde tracer pseudorabies virus-Bartha was injected into multiple sites of the lower third of the superficial layer of the masseter muscle in rats, a subset of which underwent a sympathectomy prior to virus injections, and the animals were euthanized 24-120 h later. Labeled masseteric motoneurons were first found in the ipsilateral trigeminal motor nucleus following a 24-h postinoculation period; subsequent to 72-h survival times, the number of infected motoneurons increased, and at ‡96 h many of these cells showed signs of cytopathic changes. Following 72-h survival times, a few transynaptically labeled neurons appeared bilaterally in the medial vestibular nucleus (MVe) and the caudal prepositus hypoglossi (PH) and in the ipsilateral spinal vestibular nucleus (SpVe). At survival times of 96-120 h, labeled neurons were consistently observed bilaterally in all vestibular nuclei (VN), although the highest concentration of infected cells was located in the caudal part of the MVe, the SpVe, and the caudal portion of PH. The distribution and density of labeling in the VN and PH were similar in sympathectomized and nonsympathectomized rats.
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Introduction
Physiological studies have shown that vestibular inputs modulate the activity of trigeminal motoneurons. In particular, experiments performed on anesthetized guinea pigs (Tolu and Pugliatti 1993; Tolu et al. 1994 Tolu et al. , 1996 Deriu et al. 1999) revealed that the vestibular system exerts a tonic excitatory influence on the activity of jaw muscles and that stimulation of receptors in the semicircular canal ampullae elicits bilateral excitatory responses of masseter and digastric motoneurons. The functional properties of vestibular-elicited trigeminal responses suggest that multisynaptic pathways connect the vestibular nuclei (VN) with the motor trigeminal nucleus (Mo5) and that the contralateral pathway is more powerful than the ipsilateral one. The same authors have shown that the otolith organ maculae provide bilateral asymmetrical effects on masseter muscles, with the contralateral muscle being more strongly influenced by these signals. The presence of vestibular inputs to trigeminal motoneurons discovered in the animal model has also been demonstrated in humans (Hickenbottom et al. 1985; Deriu et al. 2000) . Studies performed on healthy humans described short-duration inhibitory masseter muscle responses elicited bilaterally and symmetrically by vestibular stimulation at latencies consistent with no more than 2-3 synaptic relays (Deriu et al. 2003 (Deriu et al. , 2005 .
A number of studies have addressed connections between the VN and the sensory trigeminal complex (Lovick and Wolstencroft 1983; Walberg et al. 1985; Pfaller and Arvidsson 1988; Marfurt and Raichert 1991; Buisseret-Delmas et al. 1999; Valla et al. 2003) . Thus far, an anatomical pathway that could transmit to Mo5 signals from the VN or the adjacent prepositus hypoglossi (PH), which also receives direct and multisynaptic inputs from the vestibular endorgans (Kevetter et al. 2004; McCrea and Baker 1985; McCrea et al. 1979) , has not been clearly defined. Many studies have been performed, using a variety of different methods and animal species, to identify the afferent projections to Mo5 (Vornov and Sutin 1983; Travers and Norgren 1983; Mizuno et al. 1983; Li et al. 1995; Fay and Norgren 1997; Kolta et al. 2000; Shigenaga et al. 2000; Inoue et al. 2002) . However, none of these studies demonstrated the existence of projections from the VN to trigeminal motoneurons, and only sparse projections from PH to Mo5 were observed. Kolta et al. (2000) showed that injections of a retrograde fluorescent tracer into Mo5 resulting in the labeling of VN neurons; however, this finding was dismissed because the investigators surmised that the labeling could have been due to uptake of tracer by fibers of passage as the electrode passed through the cerebellar peduncles and dorso-lateral tegmentum. It is noteworthy, however, that most previous anatomical studies that considered afferents to Mo5 employed monosynaptic tracers that do not cross synapses, whereas physiological studies suggested that a multisynaptic pathway connects the VN with trigeminal motoneurons (Tolu and Pugliatti 1993; Tolu et al. 1994 Tolu et al. , 1996 Deriu et al. 1999) . It is thus not surprising that studies employing monosynaptic tracers failed to reveal the presence of interconnections from the VN or PH to Mo5.
Recently developed transneuronal tracing techniques employing pseudorabies virus permit the delineation of multisynaptic circuits (Aston-Jones and Card 2000; Strick and Card 1992) , such as the putative neuronal relays between the VN or PH and Mo5. Fay and Norgren (1997) injected pseudorabies virus into jaw-opening and jaw-closing muscles of bilaterally sympathectomized rats, but did not describe the presence of infected neurons in the VN or PH subsequent to these injections. However, the locations of their injection sites into the jaw muscles were not discussed in detail, and these mandible muscles are known to have a complex architecture. For example, the masseter muscle is multipennate (Eriksson 1982; Eriksson and Thornell 1983; Sta˚lberg et al. 1986) , and is comprised of several functionally distinct compartments that differ with respect to morphological and biochemical properties (Herring et al. 1979; Widmer et al. 2003) . Vestibular stimulation differentially affected the firing of masseter muscle compartments (Deriu et al. 2003 (Deriu et al. , 2005 ; vestibular-elicited responses were largest in magnitude in the compartment receiving the heaviest innervation by motoneurons, which is localized in the lower third of the superficial layer of the muscle (Godeaux and Desmedt 1975; Widmer and Lund 1989; Widmer et al. 1997) . Given this, it is possible that the lack of VN or PH labeling in Fay and Norgren's (1997) study was due to the fact that their pseudorabies virus injections did not include this region.
In the present study, pseudorabies virus was specifically injected into the lower third of the superficial layer of the masseter muscle, and animals were euthanized at several time points to delineate pathways providing potentially direct and multisynaptic influences on this muscle's activity. We tested the hypothesis that a polysynaptic pathway connects the VN and PH with masseter motoneurons.
Methods and materials
All procedures used in this study were approved by the University of Pittsburgh's Institutional Animal Care and Use Committee, and conformed to the National Institutes of Health Guide for the Care and Use of Laboratory Animals. Experiments were conducted on 26 adult male rats (Sprague Dawley, 250-350 g) purchased from Charles River Laboratories (Wilmington, MA, USA). Throughout the course of the study, animals were maintained under Biosafety level 2 conditions, as defined by US Department of Health and Human Services publication number CDC 88-8395.
The Bartha strain of pseudorabies virus (PRV-BA) was employed for transneuronal tracing; the characteristics of this virus were described previously (Bartha 1961; Card et al. 1992; Yang et al. 1999) . The virus was the generous gift of Dr. Lynn Enquist (Princeton University, Princeton, NJ, USA). PRV-BA was grown in pig kidney (PK15) cells, adjusted to a final concentration of 1.7·10 9 pfu/ml, cleared of cellular debris by centrifugation, aliquoted at 40 ll per tube, and stored at À80°C. Individual aliquots of virus were thawed immediately prior to the injection. Excess virus was inactivated with bleach and discarded.
Surgical procedures
All surgical procedures were performed using aseptic techniques. Anesthesia was induced in one group of 16 animals using 5% isoflurane vaporized in O 2 and administrated through a facemask; subsequently, a 0.5-2% concentration was employed to maintain areflexia. An incision was made under the chin to access the lower third of the masseter muscle, and a total volume of 40 ll of PRV-BA was injected at multiple sites in the superficial layer of the muscle using a 10 ll Hamilton syringe. To reduce the possibility of virus spread, the needle was left in place for 1 min after each injection, and the area was subsequently swabbed with saline. After the injections were completed, the skin was sutured closed.
In the other ten animals, a unilateral sympathectomy was performed prior to injecting PRV-BA into the masseter muscle on the same side. This procedure was executed to eliminate the sympathetic nervous system innervation in the target muscle, which also could have transported virus to the central nervous system (CNS). This second group of animals was anesthetized using a mixture of ketamine (50 mg/kg), xylazine (6 mg/kg), and acepromazine (0.5 mg/kg) injected i.m. To perform the sympathectomy, the midline neck was incised, and the sternohyoid muscle was gently retracted in order to access the common carotid artery next to the trachea. The artery was separated from the surrounding connective tissue in order to expose the sympathetic nerve, which was sectioned just distal to the carotid sinus. Subsequently, PRV-BA was injected into the masseter muscle as described above. One animal in this group was used as a control to determine if PRV-BA could have spread to nontarget tissues in these experiments. In this case, the masseteric nerve was also sectioned.
Ketoprofen (5 mg/kg) was injected intramuscularly to provide analgesia; additional injections were made at 12-h intervals if any indications of pain and distress were present. After recovery from anesthesia, animals were returned to their home cage for the balance of the survival period. The 16 animals without a sympathectomy were sacrificed subsequent to the following survival times: 24 h (n=2), 48 h (n=4), 72 h (n=4), 84 h (n=4), or 96 h (n=2). The 10 animals that underwent a sympathectomy were sacrificed after 72 h (n=4), 96 h (n =3), or 120 h (n=3). Included in the latter group of sympathectomized animals was the control rat whose masseteric nerve was also sectioned, which survived for 72 h after the virus injection.
Tissue processing
After their respective survival times, the animals were anesthetized using an overdose of sodium pentobarbital (100 mg/kg injected i.p.), and perfused transcardially using 300 ml of saline followed by 300 ml of a 4% paraformaldehyde fixative solution (McLean and Nakane 1974) . Subsequently, the brainstem and thoracic spinal cord segments were removed, stored in fixative at 4°C for 1 day, and transferred to a 30% phosphatebuffered sucrose solution at 4°C for 2 days. Transverse sections of the pons and medulla were cut at 30 lm with a freezing microtome, and thoracic cord segments were cut either horizontally or transversally at 30 lm. Tissue was collected in six sequential wells, such that each well contained a rostrocaudal series of sections spaced 180 lm apart, and stored at À20°C in cryoprotectant (de Olmos et al. 1978 ) until processed for immunohistochemical localization of PRV-BA infected neurons.
All wells of brainstem sections and one bin of thoracic cord sections were incubated in a solution containing rabbit polyclonal antiserum raised against acetone-inactivated PRV-BA (Rb-133, 1:10,000, obtained from Dr. Lynn Enquist) for 2 days. Subsequently, tissue was processed using the avidin-biotin modification of the peroxidase-antiperoxidase procedure (Hsu et al. 1981) , which employed affinity-purified donkey anti-rabbit IgG (Jackson ImmunoResearch Laboratories, West Grove, PA, USA) and Vectastain Elite avidin-biotin reagents (Vector Laboratories, Burlingame, CA, USA). Upon completion of the immunohistochemical processing, the tissue was mounted on gelatin-coated slides, counterstained with methyl green, dehydrated, cleared, and coverslipped with Cytoseal 60 (VWR Scientific, West Chester, PA, USA).
Tissue analysis
Tissue sections were examined using an Olympus BH-2 microscope to determine the distribution of labeled neurons in thoracic spinal cord and brainstem, particularly in the Mo5, VN, and PH. The locations of infected neurons in the latter structures were plotted on templates spaced $200 lm apart generated mainly with reference to Rubertone's templates (Rubertone et al. 1995) . During analyses, the caudal prepositus hypoglossi (CPH), defined as the portion of the nucleus at the level of or caudal to the external cuneate nucleus, was considered to be a separate region from the rostral part of the nucleus (RPH). Digitized photographs were obtained with the use of a Nikon Eclipse E600 photomicroscope equipped with an RT Monochrome digital camera (Diagnostic Instruments Inc, Sterling Heights, MI, USA) and the MetaMorph version 6.1r4 image analysis system (Universal Imaging Corporation, Downingtown, PA, USA). Digital images were prepared for publication using Adobe Photoshop 7.0 software (Adobe Systems, San Jose, CA, USA). Individual images were adjusted for size, brightness, and contrast.
Results
No brainstem labeling was observed in the control animal in which a sympathectomy was performed and the masseteric nerve was transected, indicating that virus had not spread from the masseter muscle to adjacent muscles with intact motor innervation. In contrast, brainstem labeling was observed in all other rats. Moreover, infected neurons were observed in the VN of all animals euthanized following a survival time of 72 h or longer, with the exception of an animal that survived 96 h (that had not received a sympathectomy) and a sympathectomized animal that survived 120 h subsequent to virus injections. These animals were not included in our analyses.
Nonsympathectomized rats surviving ‡72 h exhibited infection of neurons located in the intermediolateral (IML) cell column in the thoracic spinal cord. The number of infected IML neurons increased with longer survival times, although the viral antigen remained confined to the soma and proximal dendrites of the infected cells. Infected IML neurons were absent in sympathectomized animals, with the exception of two animals that survived 120 h following the PRV injections into the masseter muscle. In one animal, only a few labeled neurons were detected in the IML, although a substantial IML infection was observed in the other case. It is noteworthy that this was also the animal surviving 120 h after virus injections into the masseter that exhibited little labeling in the VN or PH. This observation suggests that over the time course of our experiment, it is unlikely that the labeling of vestibular nucleus neurons was due to the transneuronal passage of virus through the sympathetic nervous system. Furthermore, no differences in the number or distribution of infected VN or PH neurons could be distinguished in sympathectomized and nonsympathectomized animals, and thus the findings from the two groups were pooled.
Labeling in the trigeminal motor nucleus
Following a 24-h survival time subsequent to PRV-BA injections into the masseter muscle, a very few labeled motoneurons ($2-5 cells per each well of tissue containing one sixth of the brainstem sections for an animal) could be detected in the ipsilateral Mo5. Survival times of 48 h resulted in a larger number of infected trigeminal motoneurons ($9-12 cells/well), particularly in the lateral portion of Mo5. After survival times of 72 and 84 h, labeled motoneurons were consistently observed in the ventral and dorsolateral portions of the ipsilateral Mo5, and their number averaged $22 cells/well. The distribution of infected motoneurons differed in the rostral and caudal portions of Mo5. In the caudal regions of the nucleus, labeled motoneurons were observed ventrally, whereas they were mostly found in the lateral and dorsolateral aspects of Mo5 at its rostral level (Fig. 1) . In some cases, a few labeled motoneurons were also observed in the medial and central portions of the motor nucleus.
Subsequent to a 96-h postinoculation survival time, the number of labeled motoneurons in the ipsilateral Mo5 was larger than noted after shorter survival periods: an average of $40 cells/well. However, the distribution of the motoneurons in Mo5 was similar to that observed at earlier survival times (72-84 h). By the 96-h survival time, many motoneurons showed signs of cytopathic changes in their morphology and, in addition, a few infected motoneurons could be detected in the contralateral Mo5 ($4 motoneurons/well). In animals surviving 120 h after the virus injections, fewer motoneurons were labeled ($10 cells/well) than following shorter survival periods, and those cells showed significant cytopathic changes, presumably due to the effects of the protracted viral infection. The reduction in numbers of labeled motoneurons was probably because most of the longest-infected cells had degenerated.
Labeling in the vestibular nuclei and nucleus prepositus hypoglossi PRV-BA injections into the left masseter muscle resulted in a bilateral infection of VN neurons following survival times as short as 72 h. At this survival time, the labeled neurons were distributed bilaterally but sparsely in the caudal PH, along the entire extent of the MVe, and in the ipsilateral spinal vestibular nucleus (SpVe), as indicated in Table 1 . Following an 84-h survival time, labeling increased slightly in these regions, and also appeared in all the other VN (see Table 1 ). In one animal (case 2), labeling in the caudal portion of PH was especially dense, where the infected cells were concentrated in the ventromedial part of the nucleus on both the ipsilateral and contralateral sides.
Following a 96-h postinoculation period, the number of infected cells increased considerably in both the ipsilateral and contralateral VN, particularly in the caudal portion of the MVe, the SpVe, and the caudal PH, as shown in Table 2 . Within PH, most infected neurons were concentrated in the ventromedial aspect of the nucleus, although some labeled cells were located dorsally. Figure 2 shows the distribution of labeled cells on templates of the VN and PH for one animal surviving 96 h following the virus injections. Photomicrographs illustrating transynaptically labeled neurons in the contralateral VN and PH of an animal euthanized following a 96-h survival period are provided in Fig. 3 . At 120 h following the PRV-BA injections, many cells in the areas described above showed cytopathic changes, but the labeling pattern was similar to that following 96-h survival times, as indicated in Table 2 .
It was incidentally noted that the largest number of labeled neurons was present in the VN, particularly MVe, and in PH when a substantial number of infected motoneurons was present in the lateral part of the Mo5. For example, in the two animals in which VN labeling was nearly absent (surviving 96 and 120 h after the PRV injections into the masseter muscle), the lateral region of Mo5 was devoid of labeling, although labeling was dense in other portions of the nucleus.
Distribution of labeled neurons in other regions of the brainstem
Injections of PRV-BA into the masseter muscle also produced neuronal labeling in regions of the brainstem other than the Mo5, VN, and PH. As early as 48-h survival times, a limited number of labeled cells could be observed in a variety of subdivisions of the reticular formation, including the intermediate reticular nucleus, the parvocellular reticular formation, and portions of the gigantocellular nuclei. A small number of infected cells were also present in the locus coeruleus and subcoeruleus alpha nucleus, nucleus raphe obscurus and magnus, subdivisions of the spinal trigeminal complex, and the nucleus of the solitary tract. At 72-h survival times, the number of infected neurons increased in these regions, and labeling also appeared in other subdivisions of the reticular formation, including: the lateral reticular nucleus, the lateral paragigantocellular nucleus, the caudo-ventral reticular nucleus, the rostro-ventro-lateral nucleus, and the pontine reticular nucleus. This labeling was bilateral, with an ipsilateral predominance. A few infected cells also appeared in the supratrigeminal nucleus, the intertrigeminal nucleus, the principal trigeminal sensory nucleus, the inferior olive, the accessory trigeminal nucleus, the supragenual nucleus, and the periaqueductal gray. Labeled neurons were also occasionally observed in the mesencephalic trigeminal nucleus (Mes5). Subsequent to longer survival times, the number of infected neurons increased considerably in all the brain regions described above, except Mes5, and additionally appeared in the caudal interstitial nucleus of the medial longitudinal fasciculus.
Discussion
This study demonstrated that a neural pathway is present to relay signals from the VN and PH to masseter motoneurons. This observation provides an anatomical substrate to account for the finding that vestibular stimulation alters masseter muscle activity in animals (Tolu and Pugliatti 1993; Tolu et al. 1994 Tolu et al. , 1996 Deriu et al. 1999 ) and humans (Hickenbottom et al. 1985; Deriu et al. 2000 Deriu et al. , 2003 Deriu et al. , 2005 . All parts of the VN contained infected neurons following injections of PRV-BA into the masseter muscle, especially the caudal Fig. 1 Photomicrographs of labeled motoneurons in the (a) rostral and (b) caudal portions of the trigeminal motor nucleus, from an animal that survived 72 h following PRV-BA injections into ipsilateral masseter muscle. m5 motor root of 5th nerve, Mo5 trigeminal motor nucleus, Pr5 principal sensory nucleus. Scale bars represent 500 lm portion of the MVe and the SpVe; in addition, labeling was concentrated in the caudal PH. These latter regions apparently play a predominant role in mediating vestibular influences on masseter muscle activity.
Several pieces of evidence suggest that the VN and PH labeling resulting from injection of PRV-BA into the masseter muscle was due to passage of virus through specific motor circuitry regulating the activity of this muscle. Although the peripheral processes of afferent fibers can uptake PRV and transport the virus retrogradely to cell bodies in ganglia (Card 1998; AstonJones and Card 2000) , in rodents PRV is not transported anterogradely from ganglion cell bodies along the central processes of the afferents into the CNS (Hofstetter et al. 2005) . Accordingly, we did not observe any evidence of the infection of trigeminal afferents within the 
Labeling is depicted for each animal that exhibited infected VN neurons (seven animals that survived for 72 h and four animals that survived for 84 h). Each row indicates cell counts for a particular animal; labeling ipsilateral and contralateral to the side injected with virus is shown in adjacent rows. Abbreviations are the same as in Fig. 2 , with the following additions: Ipsi ipsilateral, Contra contralateral Ipsi  136  3  16  29  109  130  10  1  12  2  Contra  158  1  28  16  122  158  14  25  1  2  2  2  Ipsi  235  45  62  26  144  248  13  5  1  -5  Contra  296  39  83  49  172  259  18  11  4  4  6  3  Ipsi  60  6  11  3  22  40  5  4  2  -2  Contra  57  13  12  5  25  46  12  5  1  --4  Ipsi  85  25  78  37  66  122  14  10  2  2  2  Contra  108  30  71  34  87  153  14  9  1  4  2   120-h survival time  1  Ipsi  202  6  24  22  78  53  6  10  2  -3  Contra  213  14  20  9  74  73  5  7  1  1  3  2  Ipsi  114  6  24  9  26  55  2  -1  3  5  Contra  123  6  31  19  42  77  -5  2  2  - Labeling is depicted for each animal that exhibited infected VN neurons. The organization of this table is similar to that of Table 1 brainstem. Furthermore, within the CNS, PRV is transmitted almost exclusively in the retrograde direction, as the receptors for the virus are mainly confined to axon terminals (Strick and Card 1992; Card 1998; Aston-Jones and Card 2000) . This evidence suggests that infection of brainstem neurons occurred via retrograde passage of PRV through motor circuitry instead of via anterograde transmission of virus through sensory pathways. The distribution and number of infected VN and PH neurons was similar in sympathectomized animals and those without a sympathectomy, suggesting that the transneuronal passage of virus to these regions did not occur through autonomic circuitry. In addition, the positions of masseter motoneurons within Mo5 observed in our experiments were similar to those noted in previous studies (Mizuno et al. 1975; Weijs 1996; Fay and Norgren 1997) , indicating that PRV-BA had not been transported by efferents innervating other muscles. Furthermore, the locations of infected medullary neurons outside of the VN and PH were similar to those reported in a manuscript by Fay and Norgren (Fay and Norgren 1997) , who also injected PRV-BA into the masseter muscle. Curiously, however, this latter study did not describe the presence of labeling within the VN complex and PH. The basis of this difference between their findings and ours is not clear, but one possibility is that the discrepancy is related to the placement of injections within the masseter muscle. To our knowledge, no data are available regarding the organization of masseter compartments and their innervation in rats, but this information is available for other species, including the rabbit (Widmer et al. 1997) , pig (Herring et al. 1979) , and human (Godeaux and Desmedt 1975; Sta˚lberg et al. 1986; Widmer and Lund 1989) . In these species, the masseter muscle has been shown to be composed of multiple anatomical partitions that each produces different mechanical actions (Herring et al. 1979; Widmer et al. 2003) . Moreover, the muscle fibers associated with each masseter motor unit are limited to a relatively small region of the muscle, such that each masseter motoneuron provides innervation to a restricted territory (Weijs et al. 1993) . Our PRV-BA injections were made into the lower third of the superficial layer of the muscle, because this compartment receives the densest motor innervation (Godeaux and Desmedt 1975; Widmer and Lund 1989; Widmer et al. 1997) ; in humans, the largest vestibular-induced EMG responses were detected when recording electrodes were Infected cells are indicated in panel b by arrows; typically an arrow demarks one cell, but labeling was so dense in the ventromedial PH that one arrow identifies a cluster of infected neurons. 4V fourth ventricle, LVe lateral vestibular nucleus. The scale bar represents 500 lm positioned on this part of the muscle (Deriu et al. 2003 (Deriu et al. , 2005 . The compartments of the masseter muscle injected with PRV-BA in Fay and Norgren's study (Fay and Norgren 1997) were not discussed, such that the locations of their injections within the muscle could have differed from ours. It is possible that the vestibular system influences are strongest in the middle part of the lower third of the superficial layer of the masseter muscle, and that injections of virus elsewhere in the muscle produce little or no infection of VN or PH neurons. Further experiments will be required to determine whether the topography in vestibular system influences on the compartments of the masseter muscle.
The earliest infection of VN and PH neurons occurred following a postinoculation transport time of 72 h, but substantial labeling in these regions occurred only after 96 h. In contrast, the earliest infection of cells in regions of the reticular formation adjacent to the VN and in the spinal trigeminal nucleus occurred within 48 h. Labeling was observed in other brainstem structures, including the principal trigeminal sensory nucleus and the reticular zone surrounding the Mo5, within 72 h. These observations suggest that signals are transmitted from the VN and PH to masseter motoneurons mainly through a multisynaptic circuit.
In conclusion, our findings provide the first direct evidence that neurons in the VN and PH project bilaterally to distinct populations of trigeminal motoneurons through a multisynaptic pathway. Our data are concordant with the conclusions of most physiological studies, which showed that the latencies of vestibular-elicited masseter muscle responses are too long for these responses to be mediated through direct connections between the VN and Mo5 (Tolu and Pugliatti 1993; Tolu et al. 1994 Tolu et al. , 1996 Deriu et al. 1999) . Potential relays from the VN and PH to masseter motoneurons could include several regions of the pontomedullary reticular formation, particularly the reticular zone surrounding the Mo5, which has been reported to contain neurons that are components of the network responsible for the generation of rhythmic jaw movements (Donga and Lund 1991; Inoue et al. 1992; Westberg et al. 1998) and to be involved in modulating trigeminal motoneuron activity induced by peripheral and cortical inputs (Sessle 1977; Nozaki et al. 1986a, b; Westberg and Olsson 1991) .
The trigeminal sensory complex (TSC) might be another integrative center mediating vestibular influences on masseteric motoneurons. In addition to signals from sensory neurons, all subnuclei of the spinal trigeminal nucleus and of the principal trigeminal nucleus contain interneurons receiving a variety of convergent inputs from more than one source; cells in these regions also project directly to masseteric motoneurons (Olsson et al. 1986; Westberg and Olsson 1991; Westberg et al. 1995; Inoue et al. 2002) . Amongst the afferents to TSC neurons, those arising from the VN and PH have been described in many previous studies (Lovick and Wolstencroft 1983; Walberg et al. 1985; Marfurt and Raichert 1991; Buisseret-Delmas et al. 1999; Valla et al. 2003) . TSC premotor neurons have been suggested to integrate the rhythmic drive from the masticatory central pattern generator with descending cortical commands in order to optimize the temporal patterning and the relative amplitude of mandibular muscle activity (Kamogawa et al. 1994; Inoue et al. 2002) . The present data raise the possibility that vestibular signals could modulate the processing of signals by TSC neurons to account for the animal's head position and/or head movements.
